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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
A WI was approved in [1] to further enhance eMTC.  One of the objectives for this WI is:
Improved UL transmission efficiency and/or UE power consumption:
· [bookmark: _Hlk516687799][bookmark: _Hlk516765211]Specify support for transmission in preconfigured resources in idle and/or connected mode based on SC-FDMA waveform for UEs with a valid timing advance[RAN1, RAN2, RAN4]
· Both shared resources and dedicated resources can be discussed
· Note: This is limited to orthogonal (multi) access schemes

In this contribution we will discuss the transmission of preconfigured resources for HD-FDD and in idle mode.
2. Discussion
2.1 Preconfigured PUSCH resources for Idle Mode
Preconfiguring a set of PUSCH resources for a group of UEs avoids the need for the network to dynamically schedule each individual UE, which will save overheads.  In idle mode this would reduce the need to transmit RAR for scheduling of UL EDT over Message 3.  The configuration parameters for use of these preconfigured PUSCH in idle mode can be broadcast in the SIB.  This can include an indicator in the SIB to activate or deactivate the use of preconfigured PUSCH resource.
Proposal 1: The configuration parameters for preconfigured PUSCH resources in idle mode are broadcast in the SIB.
Proposal 2: An indicator to activate and deactivate the use of preconfigured PUSCH resources in idle mode is introduced in the SIB.

If the preconfigured PUSCH resource is shared and a high CE level is used, the long repetitive PUSCH transmission of a UE is likely to interfered with by another UE.  The network may find it more effective to perform the PUSCH transmission in connected mode.  This is of course dependent upon the network and so it is beneficial that the preconfigured PUSCH resource can be enabled/disabled for each different CE level.
Proposal 3: The preconfigured PUSCH resources are configured per RACH CE level in idle mode.

For PUSCH transmission, in order to maintain orthogonality among different UEs’ transmissions, the UEs need to ensure they have valid timing advance (TA) to avoid causing interference among each other.  TA is maintained in connected mode but in idle mode, the UE is not expected to have a valid TA.   
The propagation delay for low mobility and stationary UEs, e.g. utility meters, does not change much within a cell.  Similarly, in a very small cell, the change in propagation delay for UEs within the cell will may not be significant enough to allow a transmission to fall outside of the cyclic prefix.  Hence in these scenarios, the TA that was obtained at the start of the RRC Connection process will be valid for a long time.  However, for moderate mobility UEs, there will be a need to validate the TA more frequently.  The length of time a TA is valid depends upon the type of UE being preconfigured with PUSCH resources and the size of the cell.  The UE can ensure that it has a valid TA by using positioning information, measurements such as Doppler and attach a timer on an updated TA such that the TA is no longer valid when the timer expires.  Relying on the UE’s self evaluation alone would require such measurements to be tested.  
Additionally, the eNB can manage the preconfigured resource such that the TA from the UEs using them are valid.  The eNB can monitor the interference level of the PUSCH transmission in the preconfigured resource and if it exceeds a threshold, the eNB can indicate in the SIB for the UEs to re-validate their TAs.  The UE wishing to access the preconfigured resource would hence need to re-validate their TAs.
Proposal 4: Introduce an indicator to indicate whether the UE accessing the preconfigured resource needs to re-validate its TA.

In idle mode the UE obtains its TA by performing a RACH process, where it transmits a preamble using the subframe boundary in the downlink.  The TA is signaled to the UE in the RAR.  If the aim is to obtain a valid TA, then this process can stop after the RAR is received.  The RAR also contains other information that is not required for the purpose of validating the TA (e.g. UL Grant).  Hence the RAR can be compacted into just containing the TA, i.e. the compacted RAR is a TA Validating Message and the reduced size of this RAR would make it more robust in terms of decoding or it can address more UEs per single message.  The TA is currently 11 bits long.  If the aim is to validate the TA then technically a single bit is sufficient to tell the UE whether the TA is valid or not valid.  A set of PRACH resources can be allocated for the purpose of validating TA where the preamble is transmitted with the UE’s latest TA, i.e. the PRACH is time advanced.  If this PRACH arrives at the eNB within the cyclic prefix then the TA is correct and hence validated otherwise it is not validated.  The eNB can then just transmit a 1 bit TA validation to the UE using that PRACH (i.e. RA-RNTI and RAPID to address the UE).  If the TA is valid the UE can proceed to use the preconfigured PUSCH resource otherwise it performs a full RACH process to obtain the TA.
Proposal 5: In validating the UE’s TA, the UE transmit a time advanced PRACH at a configured RACH resource using its current TA.  The eNB would response with a TA Validation message (e.g. compact RAR) addressing that PRACH and indicate whether the TA is valid or not valid.

2.2 HD-FDD transmission using preconfigured PUSCH resource
In DCI scheduled PUSCH transmission, HARQ transmission is used where the eNB knows exactly which subframes to buffer for PUSCH HARQ combining.  However, for shared preconfigured PUSCH resources, especially in idle mode, the eNB may not be aware which UE initiated the PUSCH transmission and if an eNB fails to receive the PUSCH transmission it may not know which UE to send the NACK to.  It may not even be aware that there is a PUSCH transmission and hence would not be able to send a NACK.  Hence, HARQ retransmission may be difficult.
In Rel-15 efeMTC, Early Repetition Termination (ERT) Indicator for repetitive PUSCH transmission is introduced for FD-FDD and TDD.  It was deemed not beneficial for HD-FDD since it is assumed that the eNB can use higher BLER for the PUSCH transmission and rely on HARQ retransmission to achieve the same benefit as that of ERT.  As noted, HARQ retransmission may be challenging for preconfigured resources and hence it is beneficial to introduce ERT for HD-FDD.
Proposal 6: Introduce Early Repetition Termination Indicator to early terminate PUSCH repetitions for HD-FDD UE using preconfigured PUSCH resources.

ERT for HD-FDD can be transmitted during the UE’s Uplink Compensation Gap (UCG).  Since the aim of the UCG is for the UE to re-acquire sync, we propose that the ETI is transmitted in the form of a sync signal, e.g. a modified RSS, which would act as a sync for re-acquiring time/freq sync and indicate whether the UE can early terminate the PUSCH repetitions or not.  The ERT can use two different sync sequences, one to indicate terminate and another to indicate continue.

[image: ]
Figure 1: ERT in the form of a sync signal during the UCG

Proposal 7: The Early Repetition Termination Indicator for HD-FDD is transmitted during the Uplink Compensation Gap in the form of a sync sequence.
[bookmark: _GoBack]
3.   Conclusion
In this contribution we give our initial views on using preconfigured resources.  We propose the following:
Proposal 1: The configuration parameters for preconfigured PUSCH resources in idle mode are broadcast in the SIB.
Proposal 2: An indicator to activate and deactivate the use of preconfigured PUSCH resources in idle mode is introduced in the SIB.
Proposal 3: The preconfigured PUSCH resources are configured per RACH CE level in idle mode.
Proposal 4: Introduce an indicator to indicate whether the UE accessing the preconfigured resource needs to re-validate its TA.
Proposal 5: In validating the UE’s TA, the UE transmit a time advanced PRACH at a configured RACH resource using its current TA.  The eNB would response with a TA Validation message (e.g. compact RAR) addressing that PRACH and indicate whether the TA is valid or not valid.
Proposal 6: Introduce Early Repetition Termination Indicator to early terminate PUSCH repetitions for HD-FDD UE using preconfigured PUSCH resources.
Proposal 7: The Early Repetition Termination Indicator for HD-FDD is transmitted during the Uplink Compensation Gap in the form of a sync sequence.
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